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ZnO thin films were grown on Si(100) substrate by plasma assisted MBE. In
order to avoid the crack caused by the difference of thermal coefficient of expansion
between ZnO and Si, the growth was carried out at room temperature. As there are
mismatch of structure symmetry and lattice constant and charge imbalance between Si
substrate and ZnO, it is hard to achieve high quality in the ZnO thin film growth. To
solve this problem and improve the quality of the RT-ZnO thin film, the Si (100)
substrates were pretreated with nitridation, oxidation, and depositions of Mg or Zn.
The influence of different pretreatments on the surface morphology, optical property
and crystal structure of the overgrown ZnO layers was investigated by atomic force
microscopy, photoluminescence and X-ray diffraction respectively. From the analysis
of XRD detection, we found that nitridation pretreatment had better effect on tensile
stress relief than oxidation and Zn-pretreatment and extra compressive stress might be
induced possibly due to the formation of MgO interlayer for the Mg-pretreatment.
Additionally, the wurtzite ZnO (0002) peak of the nitrided sample has the strongest
relative intensity (7.31) and the smallest full-width at half-maximum (FWMH)
(0.1224◦ ), respectively. Apparently, in our experiments, nitridation pretreatment was
more conducive to improve the crystallization of the ZnO film. In terms of the optical
property, there are obvious intensity enhancement and blue shift in the near band
emission from the nitrided sample, which can be attributed to the increasing of near
band radiation probability caused by the crystalline improvement, and the reduction of
irradiative combination associated with defects and stress. For the other three samples,
we can hardly observe UV emission in their PL spectra. We believed that these three
pretreatments had introduced a mass of intrinsic defects in the ZnO thin films, which
acted as irradiative combination centers. As for the surface morphology, it was
revealed that the crystal columns in the nitrided sample had more regular shape and
more uniform size. In addition, the RMS of the nitrided sample was obviously
improved. This was in accordance with the crystalline improvement mentioned














quality of the ZnO thin film in all aspect including surface morphology, optical
property and crystal structure.
We have made an interpretation for distinct influence of different pretreatments
on the overgrown ZnO thin films in the respects of interface component and charge
balance respectively. Firstly, in order to find out the concrete impact of different
modifications at the ZnO/Si interface, Auger electron depth spectroscopy (AEDS) was
carried out for all samples. Transition zones were found in all samples, indicating the
coexistence of O and Si namely an amorphous SiOx thin layer. By comparison, we
found that all modifications including nitridation, oxidation and depositions of Mg or
Zn are to suppress the oxidation of Si substrate surface. It was worth noting that
nitridation modification was the most effective with the thinnest amorphous layer and
the most abrupt interface. Therefore, the nitridation pretreatment has provided a better
template for the overgrown ZnO thin flim, which would account for the promoted
crystal quality. As shown in the interface bonding model, we also found that
nitridation offerd an ideal transition from Si substrate to the epitaxied ZnO thin flims.
This will undoubtedly eliminate the harmful influence of interface mismatch on the
ZnO growth.
We have investigated the influence of the nitridation pretreatment time on the
crystal quality of ZnO thin film. The influence of different nitridaiton pretreatment
time on the surface morphology, optical property and crystal structure of the
overgrown ZnO layers was investigated by atomic force microscopy,
photoluminescence and X-ray diffraction respectively. The crystal quality of the ZnO
thin films have not been found to be better as the nitridation pretreatment time
prolonged. The optimal nitridation pretreatment time was identified at 10 mins.
In addition, we also make an investigation into the phase segregation of the
MgZnO alloy. In order to achieve single phase wurtzite MgZnO alloy with high Mg
component ratio, we have fabricated short cycle ZnO/MgO superlattice thin film with
ulturthin layer thickness on Al2O3 (111) subatrate by plasma assisted MBE. The
ZnO/MgO superlattice thin flim was expected to convert to quasi MgZnO alloy














adjusted to control the phase segregation of the MgZnO alloy. XRD test was carried
out to detect the phases of all the samples. As revealed in the test, phase segregation
still existed. The MgO layer has not inherited the wurtzite structure of the ZnO layer
in the ultrathin thickness. As shown from the diffraction peak, crystal growth
orientation for different phases were wurtzite [0001] and rocksalt [111] respectively.
Therefore we could confirm that growth of MgO layer had just inherited the
hexagonal symmetry rather than the wurtzite structure of ZnO layer. More attempts
were necessary to fabricate single phase wurtzite MgZnO alloy with high Mg
component ratio.
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4/1)/)(3/1( 22  cau [12]。其中c/a的比值也会受到两种组分的电负性的影响。
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